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. This amazing benefit is likely to be due to the evolutionary advantage of keeping alive under suboptimal nutrient availability, and postponing reproduction until food is plentiful. On the basis of this evolutionary hypothesis, dietary restriction should prolong not only lifespan, but also youthfulness. Indeed, in both rodents and humans, limiting caloric intake delays many age-associated traits and diseases, including cognitive deterioration and cancer 2, 3 . But dietary restriction does not affect all types of cancer similarly 4 , raising questions about the generality of its effects and its mode of action in cancer. Writing in this issue, Kalaany and Sabatini 5 (page 725) address these questions in both human tumour cells and animal models of human cancer.
The authors find that, when human-tumour cell lines are implanted into mice, some lines cannot expand if the animals' caloric intake is reduced by 40% for a period of 3 weeks. Intriguingly, the cell lines that were resistant to the antitumour benefits of this nutrient restriction carried mutations that led to the constitutive (continuous) activation of the signalling pathway mediated by the hormone insulin. Specifically, these cell lines had mutations that activated the enzyme PI3K, a key component of the insulin signalling pathway, or inactivated PTEN phosphatase, an enzyme that counteracts PI3K action. So it seems that, to exert its anticancer benefits, limited dietary intake must reduce insulin-mediated signalling.
To investigate whether reducing the activity of the insulin-PI3K pathway was indeed required for mediating the effects of dietary restriction, Kalaany and Sabatini next studied the consequences of short-term limitations in food intake on mice that had been genetically engineered to develop tumours with either a constitutively active PI3K pathway or constitutive activation of other oncogenic signalling pathways. Strikingly, only tumours with an active PI3K pathway were resistant to dietary restriction. What's more, activating this pathway was both necessary and sufficient for tumour resistance to reduced food intake. Finally, the FOXO proteins, which are major downstream targets of the PI3K signalling pathway and affect gene transcription, seem to execute the effects of dietary restriction, as FOXO transcription factors were inactivated in the tumours resistant to reduced nutrient intake ( Fig. 1) .
In search of a cellular mechanism to explain the effect of dietary restriction on tumours, Kalaany and Sabatini found that, in these tumour cells, there was an increase in programmed cell death (apoptosis). Further studies on how dietary restriction reduces tumour growth in vivo will be needed to explain whether it acts solely on the tumour itself, on the tumour microenvironment, or on both. Indeed, reduced food intake could affect other cellular processes that contribute to tumour size. For instance, it might inhibit cell proliferation; it could trigger autophagy, a 'self-eating' cellular process that would help to recycle nutrients and ward off cancer by eliminating damaged proteins or organelles; or it might help to reduce the growth of new blood vessels in tumours -a process known as angiogenesis -thus affecting the tumour microenvironment rather than the tumour cells.
It would be informative to compare Kalaany 11, 13 , of the studies. So how can these findings be reconciled with those of Kalaany and Sabatini?
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When restriction is good
There could be several explanations. First, compared with invertebrates, mammals may be more dependent on normal insulin signalling to extract maximum benefit from dietary restriction in relation to longevity and tumour resistance. Indeed, mutation of the growthhormone receptor, which affects the production of insulin-like growth factor, interferes with dietary-restriction-induced longevity in mice 14 . Second, reduced insulin-mediated signalling resulting from a decrease in food intake may be even more important for fighting off cancer than for extending lifespan. In mice, for example, NRF2/skn-1 mediates the effects of dietary restriction on cancer but not on longevity 15 . Third, the methods that researchers use to restrict dietary intake in invertebrates may expose pathways other than that mediated by insulin. Reduced food intake probably engages several pathways that cooperate to prolong lifespan and prevent cancer. Understanding how these pathways regulate longevity and age-dependent traits will be crucial for harnessing the full benefits of nutrient restriction.
It is worth noting that Kalaany and Sabatini implemented reduced food intake for a short period (3 weeks), whereas it is known that longer restriction regimens (several months to years) are needed to extend lifespan 1 . It would be informative to know whether longer dietaryrestriction regimens can still suppress tumours, or if tumours recur after a while. Could responsive tumours become resistant to the beneficial effects of dietary restriction with time, just as they acquire resistance to chemotherapy? This, in turn, raises the possibility that downregulation of insulin-mediated signalling through reduced food intake may only initiate the anticancer benefits; other pathways might need to be activated to maintain its suppressive effects on tumours. Finally, in mammals and other species, different dietary-restriction regimens can all extend lifespan. It would be interesting to test whether different regimens could also reduce PI3K-dependent cancer expansion, as only some regimens might be realistically applicable to humans -for instance, feeding every other day rather than a 40% restriction every day.
As for cancer prevention and anticancer therapies, simply decreasing food intake might help to delay the onset of cancer. More over, involvement of the insulin-mediated pathway indicates that drugs that ameliorate insulin resistance in type 2 diabetes might be beneficial in preventing cancer, even in non-diabetic patients. One could also envisage using dietary restriction as a possible therapy in some specific cancers, and to predict which tumours would be vulnerable to such treatment on the basis of their mutation profiles, in particular in the genes encoding PTEN and PI3K. Limited food intake, together with a PI3K-pathway inhibitor, might have synergistic effects on cancer regression in tumours that have mutations in PI3K and/or PTEN genes. In addition, depriving tumours of nutrients locally by means of anti-angiogenic drugs, which would interfere with the tumour's blood supply, may be yet another way to apply the beneficial effects of dietary restriction. In general, developing such additional strategies to mimic restriction could be particularly useful, because -as we all know -restricting food intake is notoriously difficult to implement in humans, and may even be psychologically damaging. 
BIOGEOCHEMISTRY
Less nickel for more oxygen
Mak A. Saito
The availability (or lack) of oceanic trace elements is providing fresh lines of explanation for turning points in Earth's history -the Great Oxidation Event being one such momentous occasion.
About 2.4 billion years ago, the oxygen content of Earth's atmosphere increased in what is called the Great Oxidation Event (GOE).
This marked the beginning of the most significant series of chemical changes Earth has ever experienced, setting the stage for oxidative weathering of the continents, successive changes in ocean chemistry, and the eventual rise of multicellular life. Yet the sequence of events leading up to the GOE is not well understood. Most researchers agree that the evolution of oxygenic photosynthesis within a group called the cyanobacteria was the source of the molecular oxygen that caused the GOE 1 . But the timing of the rise of these bacteria is uncertain 2,3 , and there may have been a period of inertia -due, for example, to chemical reactions with methane that consumed oxygen 4 -that prevented a swift increase in atmospheric oxygen. It remains a matter of debate how these two phenomena might have induced the GOE: an early rise of cyanobacteria and slow crumbling of chemical resistance 3, 4 ; or a late rise of cyanobacteria leading to rapid initiation of the GOE 5 . On page 750 of this issue 6 , Konhauser et al. report evidence for an alternative driving mechanism of the GOE, one that would have decreased microbial methane production in the oceans and paved the way for increased oxygen abundances. The authors find significant decreases in the nickel-to-iron ratios in ancient rocks, known as banded iron formations, that provide records of element concentrations in the oceans (Fig. 1) . They estimate that a major decrease in the oceanic inventory of nickel must have occurred around 2.7 billion years ago. This, they conclude, led to a cascade of events in which methanogens, with their gluttonous appetite for nickel to feed three nickel-containing metalloenzymes, would have become starved of the element and so have produced much less methane. With the decrease in chemical inertia associated with methane 4 , the stage was set for cyanobacterial oxygen to accumulate, leading to the GOE. Moreover, although Konhauser et al. don't go into detail, the decline in atmospheric methane, a powerful greenhouse gas, is believed to help account for the initiation of a planetaryscale glaciation known as Snowball Earth that is thought to have begun between 2.3 billion and 2.2 billion years ago 4, 5 . The idea that significant changes in seawater trace-metal abundance have occurred during Earth's history is becoming popular 7, 8 . For example, it is thought that iron and cobalt were abundant in ancient oceans, whereas zinc and copper were probably extremely scarce owing to precipitation with sulphides 8 . When the oceans became oxygenated, it is likely that this scheme was reversed, with iron and cobalt becoming scarce through oxidation and precipitation as oxyhydroxides, and zinc and copper becoming much more abundant upon the oxidation of sulphide to sulphate in sea water. These predictions of broad changes in ocean chemistry are mirrored by the physiological and genomic traits of archaea and bacteria, relative to those of the later-evolving eukaryotes 8, 9 . Nickel has largely been left out of this intriguing story. On the evidence of chemical modelling 8 , it seems that nickel was not as strongly affected by the variations in sulphide and oxygen during Earth's history. But such a conclusion does not take into account the possible involvement of external factors. Konhauser et al. show how such a factor might have come into play, with the cooling of Earth's mantle resulting in decreased eruption of nickel-rich rocks and causing an estimated 50% fall in the oceanic nickel inventory.
Konhauser and colleagues' thinking 6 may come as a surprise to those familiar with the chemistry of the modern oceans. Trace metals -as their name suggests -are extraordinarily scarce in sea water. In vast regions of the modern oceans, photosynthesis is limited by low iron availability, with iron concentrations often being less than 0.05 nanomoles per litre 10 . Yet, of the trace metals required by life, nickel is one of the more abundant in sea water, with surface water concentrations of 1-2 nanomoles per litre 11 . In this modern context, the idea of a nickel famine seems odd. But the nickel requirements of methanogens are reported 6 to be in the hundreds of nanomoles per litre, suggesting that methanogens cannot live in the modern oceans and are perhaps relegated to .
